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the case of Fig. 16.2, the applied impact velocity V Q and the particle velocity at 
x = 0 are assumed to be the same. 

When dealing with the dynamic response of the bars of uniform cross section, 
the theoretical sonic velocity can be directly obtained from Eq. (16.2). However, 
it should be appreciated that certain limitations on the use of this equation are 
imposed when considering other geometries. The corresponding formulas are com¬ 
pared in Table 16.1. The general case of elastic continuum refers to an unbounded 
isotropic medium through which the wave propagates in a three-dimensional sys¬ 
tem. 

Since u in Table 16.1 denotes the Poisson’s ratio, it is easy to see how the sonic 
velocity increases from the uniform bar to the continuum geometry by about 20% 
for the case of a typical metal. The parameter denoted by C in Table 16.1 is called 
the dilatational velocity, to distinguish it from the shear or the rotational type of 
propagation velocity. 

Based on the data in Table 16.1, a quick estimate of the upper-bound elastic 
stress can be made utilizing the relation 

a = pCV (16.7) 


This calculation however, depends on the choice of the value of a particle velocity 
in the stressed region. 

In considering the reflection of the stress wave at the end of a rod, the maximum 
theoretical stress in the uniform rod with a free end can be no more than the value 
given by Eq. (16.7). On the other hand, when the remote end of the rod is built in 
as in a rigid support, there can be no displacement or velocity at such a point, and 
a tensile wave, for instance, is reflected back as a tensile wave. Vector addition of 
the two tensile waves, then, gives 2 a, where a follows from Eq. (16.7). This is then 
the maximum theoretical value of the longitudinal impact stress on a bar or other 
structure in the elastic regime of the material. 


AXIAL IMPACT ON STRAIGHT BAR 

An interesting case of a compressive impact stress [1] can be analyzed with reference 
to the sketch in Fig. 16.3, where a rigid body of mass M, traveling with velocity V , 
strikes axially the free end of the rod at x — 0; the particle velocity at this point 
must also be equal to V. Since the motion of the mass M is resisted and slowed 
down by the reaction created between the rigid body and the cantilever beam, the 
impact velocity v of mass M, after a short time interval t, must be less than V. 
The corresponding equation of motion becomes 

dv 

a 0 A = —M — (16.8) 

Since v also represents the particle velocity at the point of contact, Eq. (16.7) is 
applicable. Eliminating sonic velocity from Eq. (16.7) with the help of Eq. (16.2) 



